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We claim: 




1 . A method of pumping a cryogenic liquid from a 
storage vessel comprising: 

t ^ removing a cryogenic liquid stream from said 
storage vessel; 

pumping at least a portion of the cryogenic 
liquid stream; 

prior to the pumping of the at least a 
portion of the cryogenic liquid stream, introducing the 
cryogenic liquid stream into a hea t exil ^cinger located 

u& * ■ 

in a ph ase separa tor and diverting a subsidiary 
cryogenic stream from the cryogenic liquid stream after 
passage of the cryogenic liquid stream through the heat 
excharnger; 

introducing the subsidiary cryogenic stream 
into the phase senator and subjecting the subsidiary 
cryogenic stream to a lowe r pres sure than that of the 
storage tassel so as to cause the subsidiary cryogenic 

stream to boil and produce a boiling pool of a liquid 

— 

fraction of the subsidiary cryogen ic st ream covering 

the heat exf4nger and having a lower temperature than 

the cryogenic liquid stream, thereby to subcool the 

cryogenic liquid stream; and 

controlfSh, flow of the subsidiary cryogenic 
fT Jet- 
stream by suspending the flow when the liquid fraction 

is at a predetermined level, above that of the heat 

exchali(ffer , reestablishing the flow after liquid level 

of the liqui d fracti on has fallen due to the boil off 

thereof, and between the suspension of the flow and the 

reestablishment thereof, temporarily reestablishing the 

flow to remove warm and vaporized liquid. 
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2. The method of claim 1, wherein the flow of 
the subsidiary cryogenic stream is controlled by: 

sensing a temperature referable to inlet 
temperature conditions at the inlet of the pump; and 

temporarily reestablishing the flow of the 
subsidiary cryogenic stream when suspended if said 
temperature exceeds a predetermined value indicative 
that warm and vaporized liquid has formed at the inlet 
of said pump. 

3. The method of claim 1 or claim 2 , wherein the 
flow of the subsidiary cryogenic stream is further 
controlled by constraining a flow rate of the 
subsidiary cryogenic stream to be substantially equal 
to a rate at which the liquid fraction is lost from the 
pool through boiling, 

4. The method of claim 1, wherein the subsidiary 
cryogenic stream is diverted from the cryogenic liquid 
stream in a sump jacket of a pump used in pumping the 
at least a portion of the cryogenic liquid stream. 

/ 5. A pumping system for pumping a cryogenic 

Or I — *■ <3> ~ * - 

liquid from a storage vessel comprising: 

a subcooTin^~~unit comprising a phase 

separator having a vent to maintain the phase separator 

* r3 

at a lower pressure than that of the storage vessel and 



a heat exchanger located within the phase separator; 

a pump for pumping at least a portion of a 

cryogenic liquid stream from said storage Vessel; 

— T M- 0? — 1 

the heat excha nger connected between the pump 

and the storage vessel such that the cryogeni^liquid 
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stream passes through the heat exchanger prior to the 



pump ; 

^ H^- 

the pump connected to the phase separator 
such that a subsidiary cryogenic stream is diverted 
from the cryogenic liquid stream to the p hase separ ator 
and is subjected to the lower pressure within the phase 
separator to cause the subsidiary cryogenic stream to 
boil and produce a boiling pool of a liquid ^a£tion of 
the subsidiary cryogenic stream covering the heat 
exchange r and having a sufficiently lower temperature 
thcm^he cryogenic liquid to subcool the cryogenic 
Mquo^^streai^ the heat anger; 



^liquid level detector) located within the 



phase separator to generate signals referable to a 

height ^of^the liquid fraction within the phase 

separator; 
* — 

a remotely o perated valv e interposed between 
the piin^and^ the ph ase "se^e W to r^tb control flow of the 
subsidiary cryogenic stream; 

a tempe raturT^rans ducer to generate 
temperature signals referable to temperature; 

the temperatyix^ transducer situated such that 
the temperature is indicative of temperature conditions 
at an inlet of the p^mjT; and 

a cont system responsive to the signals 
generated by the liquid level detector and the 
temperature signals to operate the remotely operated 
valve to assume a closed position, suspending the flow, 
when the height of the liquid faction it at a 
predetermined level abo ve the he atTxch^nge r , to assume 
an op en posit ion, reestablishing the flow, after the 
height of the liquid fraction" has fallen due to boil 
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off of the l iquid fracti on, and to temporarily assume 
the open position in response to a temperature 
indicative that warm liquid and vapor has formed at the 



inlet of the pump. 



6. The pumping system of claim 5, further 
comprising an orifice, interposed between the pump and 
the phase separator, sized to control a flow rate of 
the subsidiary cryogenic stream so that the subsidiary 
flow rate is substantially equal to a rate at which the 
liquid fraction is lost from the pool through boiling. 

7. The pumping system of claim 5, wherein: 



generated by the liquid level detector to control the 
proportional valve such that a flow rate of the 
subsidiary cryogenic stream is substantially equal to a 
rate at which the liquid fraction is lost from the pool 
through boiling. 

8. The pumping system of claim 5 wherein the 
pump has a sump jacket connected to the heat exchanger 
and the phase separator so that the cryogenic liquid 
stream flows from the heat exchanger into the sump 
jacket and the subsidiary cryogenic stream is diverted 
from the sump jacket to the phase separator. 




the remotely operated valve is a proportional 



valve; and 



the controller is responsive to the signals 



9. The pumping system of claim 8, wherein: 

an off-loading valve is in communication with 
an outlet of the pump, the off-loading valve having a 
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closed and an open discharge position to allow the pump 
to discharge to low pressure; 

the control system is connected to the pump 
and the off-loading valve; and 

the control system is also configured to 
activate the pump when the liquicL level of the liquid 
fraction covers the heat exchanger and the temperature 
is at or below a temperature set point at or below said 
sufficiently lower temperature and to set the off- 
loading valve in the open discharge position to allow 
the pump to discharge to a low pressure to ensure that 
the pump itself is cooled and thereafter to set the 
off-loading valve to the closed position so that the 
cryogenic liquid stream is pumped to a use point. 

10. The pumping system of claim 5, wherein: 

the pump has a sump jacket connected to the 
heat exchanger and the phase separator so that the 
cryogenic liquid stream flows from the heat exchanger 
•into the sump jacket and the subsidiary cryogenic 
stream is diverted from the sump jacket to the phase 
separator; and 

the temperature transducer is interposed 
between the sump jacket and the phase separator to 
sense the temperature of the subsidiary cryogenic 
stream. 



